Eighty-eight strains of microorganisms were isolated from soils collected in northern and southern Chile, and 10 fungi which showed the highest solubilizing action upon the iron in granodiorite were then selected. These fungi were incubated with the following iron-containing minerals: augite, hornblende, biotite, magnetite, hematite, and the igneous rock granodiorite. The solubility of iron in these minerals depended on their nature, crystalline structure, the concentration of metabolic products, or all three. Complex formation could be the mechanism involved, as a strong cation-exchange resin was not able to extract Fe from culture solutions. This conclusion is also confirmed by the Rp values obtained by thin-layer chromatography of iron-containing culture solutions.
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Certain groups of microorganisms can directly or indirectly transform rocks and minerals in quantities large enough to influence their geological distribution (11, 14) . These transformations include enzymatic oxidations and reductions and the formation of chelates and complexes with proteins, amino acids, organic acids, etc. (4, 11) . The action of some organic products of microbial metabolism on minerals has been reported (4, 5) . It was demonstrated that microorganisms transform crystalline biotite (2), mica to vermiculite (15), and certain rocks to an amorphous state (12) . The present work examines the solubilization of iron minerals of different composition and crystalline forms by soil microorganisms. Complexing of iron by metabolic products of Aspergillus niger was also studied.
MATERALS AND METHODS Eighty-eight strains of microorganisms were isolated from soils collected in northern and southern Chile. The soils were diluted in water and cultivated on glucose agar and Sabouraud glucose agar. Ten fungi were selected which, when incubated in the presence of 100 mg of granodiorite, solubilized the highest amounts of iron. For incubation, a sterile basal medium was used which had the following composition, per liter: (NH4)2504, 0.5 g; KH2PO,, 0.5 g; and sucrose, 50 g; it was dissolved in distilled water and adjusted to pH 7.0 with a diluted NaOH solution. The selected fungi were numbered from 1 to 10, corresponding to the following genera: Penicilliwn (1 and 10), Mucor (2), Aspergillus (3, 4, and 5), Cephalosporium (6, 7, and 8) and Fusarium (9) . They were maintained in Sabouraud agar medium.
Minerals whose composition and crystallographic characteristics are described in Table 1 The minerals were ground in an agate mortar, and the particles between 160 and 180 mesh were used. They were leached with 0.002 N HCI to remove exchangeable bases, washed with distilled water until a negative chloride reaction occurred, and then dried at 105 C (9). A 100-mg sample of the powdered mineral was placed in a test tube and sterilized with hot air. After sterilization, 5 ml of the sterile basal growth medium and five drops of the microorganism suspension (from a colony suspended in 2 ml of the basal medium) were added. The tubes were incubated at 30 C for 21 days with daily stirring. The dissolving action of HCI alone was also studied during the same period of time. At the end of the incubation period, the content of the tubes was filtered through Whatman no. 1 filter paper to remove the mixture (if mycelium and residual rock, and pH values and iron concentration were determined in the clear filtrat'e.
To study the iron-complexing ability of metabolic products, granodiorite and A. niger strain 3 wei e selected and incubated for 30 days in the basal growl h medium. Variable volumes (10, 20 , and 30 ml) of the solution to be tested were placed in 125-ml plastic flasks, and S ml of an iron stock solution (metall.c iron dissolved in diluted HNO3) was added in a coujcentration sufficient to reach 20 to 25 ,ug/ml in a 50-ml final volume. A 5-ml amount of a 2 N KNO3 solution was also added to reach a uniform ionic 487 
RESULTS AND DISCUSSION
All microorganisms studied grew well in the medium used. Table 2 shows that all microorganisms dissolved iron from minerals with a simultaneous pH decrease. No relation between solubilized iron and final pH was found (cf .  Tables 2 and 3 ). Initial solubilization may result from H ions interacting with organic metabolites and then complexing iron to prevent precipitation. The iron-dissolving capacity of each strain of microorganism is different. This specificity can be attributed to the different nature or concentration of metabolic products of each microorganism, or both of these factors. The Table 4 shows the action of A. niger metabolites and basal medium upon Fe'+. The basal medium complexed with iron. When the basal medium increased, the iron removed by the cation-exchange resin decreased, which resulted in more iron remaining in solution (8) . When the solubilizing abilities of A. niger filtrate grown in basal medium were compared with the uninoculated control, it was found that much more iron goes into solution when A. niger is present, which confirms that the iron-complexing action is due to the metabolic products of the fungus. The filtrate of A. niger with granodiorite has still higher iron-complexing ability. Since the cation-exchange resin does not extract iron solubilized by the microorganism, this iron must be present as an anionic or charge zero complex. The complexing action of the A. niger metabolites was confirmed by the RF values obtained from TLC: iron aqueous solution = 0.06; basal growth medium = 0.08; filtrate from incubation without mineral = 0.14; and filtrate from incubation with mineral = 0.24. This proves the existence of one or more iron-complexing-compounds.
